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© Galenic formulations containing cyclodextrins. 

© Pharmaceutical compositions comprising a drug, 
an enhancer of absorption at a mucosal surface and 
a cyclodextrin, process for their preparation and use 
of a cyclodextrin in the manufacture of a medica- 
ment for administration by absorption at a mucosal 
surface. Cyclodextrins reduce the toxic effects caus- 
ed by mucosal absorption enhancers. In particular 
the compositions are useful in relation to delivery of 
drugs by the intra-nasal route. 
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The present invention relates to new pharma- 
ceutical compositions comprising cyclodextrins 
which are suitable for use in the delivery of drugs 
by absorption through mucosae. It also relates to a 
process for the preparation of such compositions 
and to the use of cyclodextrins in the manufacture 
of such preparations. 

The administration of drugs by absorption 
through mucosae such as the nasal mucosa has 
been the subject of considerable interest in recent 
years. It has been proposed as an alternative to 
oral administration in cases where drugs are only 
absorbed poorly by an oral route or are extensively 
metabolised in the gastrointestinal tract or sub- 
jected to first-pass metabolism in the liver. Mucosal 
absorption is particularly attractive for products 
such as new physiologically acceptable proteins 
and polypeptides produced by the methods of bio- 
technology. 

In particular the nasal mucosa has the desir- 
able properties of low enzymatic activity and the 
avoidance of first-pass metabolism in the liver as 
the venous system from the nose passes directly 
into the circulatory system. The nasal mucosa also 
exhibits moderate permeability to water soluble 
compounds which is comparable to that of the 
ileum and gall bladder. This permeability is higher 
than that for other mucosae such as the vaginal 
mucosa: while the vaginal epithelium is composed 
of stratified squamous cells the nasal epithelium is 
comprised of columnar cells leading to the higher 
permeability. A high mucosal permeability is clear- 
ly desirable for the efficient absorption of drugs 
across the mucosa. 

The efficient delivery of drugs by an intra-nasal 
route is influenced by the nasal clearance rate as 
well as the mucosa's permeability. This clearance 
rate is produced by the coordinated movement of 
cilia and is known to be highly dependent upon the 
prevailing physiological and pathological condi- 
tions. For instance it is known that both the com- 
mon cold and polypectomy dramatically increase 
the nasal clearance rate which leads to a much 
decreased efficiency of uptake of drug by absorp- 
tion through the nasal mucosa. 

Accordingly, it has been found that for many 
drugs administration by an intra-nasal route is in- 
efficient due to low uptake of the drug and hence 
low bio-availability. Much effort has been applied to 
the development of methods for increasing the 
efficiency of absorption of drugs across mucosae 
such as the nasal mucosa. The most popular ap- 
proach has been to increase the permeability of the 
mucosae and a large range of potential absorption 
enhancers which increase the permeability of 
mucosae have been developed. These are also 
sometimes called absorption or penetration promot- 
ers or enhancers. 



Many types of compound have been proposed 
as absorption enhancers and these include chelat- 
ing agents, fatty acids, bile acid salts, surfactants 
other than bile acid salts, fusidic acid and its de- 
5 rivatives, lysophasphatides and cyclic peptide anti- 
biotics. However, many of these enhancers exhibit 
undesirable toxic side effects. 

For example, chelating agents are known to 
interfere with the ability of calcium ions to control 
w the paracellular transport of peptides and proteins 
[Lee, "delivery systems for peptide drugs", Ple- 
num, New York (1986)] and are believed to play a 
vital role in the regulation of ciliary activity [Batts, 
J.Pharm. Pharmacol., 41, 156-159, (1989)]. Thus 
rs the chelating agent sodium edetate which is used 
in nasal preparations has been found to lead to 
irreversible damage of the ciliated epithelium at a 
concentration of 0.1% [Batts, 1989], and must be 
used a concentration lower than this, typically 
20 0.05% [Hermans et al Pharmaceutical Research, 4- 
(6), 445-449 (1987)]. 

Bile acid salts which can be used as absorption 
enhancers may be divided into two sub-classes, 
conjugated and unconjugated bile salts. These in- 
25 elude dihydroxy and trihydroxy bile acid salts such 
as 3a,12a-dihydroxy-50 cholanoates and 3 
o,7a,l2a-trihydroxy-5^ cholanoates. The more effi- 
cient absorption enhancers were more hydropho- 
bic, for instance, sodium deoxycholate [Gordon et 
30 al, Proc. Natl. Acad. Sci. USA, 82, 7419-7423 
(1985)]. It has been found that use~of this com- 
pound as an absorption enhancer leads to an in- 
crease in the permeability of the nasal mucosa 
which is bidirectional and it is not reversed by 
35 washing. Histological evidence suggests that the 
increased permeability is due to damage caused 
by extensive loss of the epithelial surface layer. 
This makes bile acid salts unsuitable for use as 
absorption enhancers in patients [Hersey & Jack- 
40 son, J.Pharm. M. Sci., 76, (12), 876-879, (1987)]. 

Other surfactants which have been used as 
nasal enhancers include saponin (a glycoside), sur- 
factin (a peptide lipid), and Laureth-9 (a non-ionic 
detergent, polyoxyethylene-9 lauryl ether) [Hirai, 
45 Int. J.Pharm., 9, 165-172, (1981) and Duchateau et 
al, Int. J.Pharm., 39, 87-89, (1987)]. Laureth^J 
shows one of the highest erythrocyte haemolysis 
effects as well as one of the higher effects of 
protein release from the nasal mucosa amongst 
so known absorption enhancers [Hirai. Int. J.Pharm., 9, 
173-184 (1981) and Longenecker et al, J.Pharrn. 
SeL, 76, 351-355, (1987)]. A 1% "solution of 
Laureth-9 has a "destructing action on the mucosal 
lining which included multi-focal necrosis, inflam- 
55 mation and xudation, and in some regions, com- 
plete removal of epithelial monolayer" [Daugherty 
etal, Int. J.Pharm., 45, 197-206, (1988)]. 

Thus the most important disadvantage with the 
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use of nasal many nasal enhancers is the possibil- 
ity of side effects which after chronic administration 
cause irreversibl damage to the nasal mucosa. 
While the absorption enhancer Na tauro 24,25- 
dihydrofusidate (STDHF) has been found to have 
good toxicological properties [Lee et al, BioPharm, 
April, 30-37, (1987)], there remains a need to re- 
duce the toxicity of other absorption enhancers. 

It has now been found that when an absorption 
enhancer is used in combination with a cyclodex- 
trin the undesirable side effects due to the enhan- 
cer may be reduced. In particular it has been found 
that when a cyclodextrin is present the disruptive 
effects of absorption enhancers on lipid mem- 
branes may be reduced. 

The present invention therefore provides phar- 
maceutical compositions suitable for administering 
a drug to a mucosal surface of a patient, which 
compositions comprise a drug, an absorption en- 
hancer and a cyclodextrin. In particular the present 
invention provides compositions comprising a nasal 
absorption enhancer which are suitable for use as 
medicaments for therapy by an intra-nasal route. 

The invention therefore also provides composi- 
tions for use in nasal administration of a drug to a 
mucosal surface and in particular the nasal mu- 
cosa. It also provides compositions comprising an 
enhancer of absorption at a mucosal surface and a 
cyclodextrin which are suitable for use in the man- 
ufacture of a medicament for use in a method of 
therapy by absorption of a drug at a mucosal 
surface and in particular at the nasal mucosa. It 
also provides for the use of a cyclodextrin in the 
manufacture of such medicaments. 

As a further aspect of the invention there is 
provided a process for preparing a composition of 
the invention which comprises mixing a drug, an 
enhancer of absorption at a mucosal surface and a 
cyclodextrin. 

Cyclodextrins are well known compounds 
formed by the breakdown of starch. For example, 
0-cyclodextrin is a cyclic oligosaccharide com- 
posed of 7 D-glucose units. Its structure involves a 
cylindrical cavity capable of including various guest 
molecules to form host-guest inclusion compounds 
in the solid state and in solution. Cyclodextrin inclu- 
sion compounds have been widely studied and 
developed for several fully soluble drugs. 

The potential toxicity of cyclodextrins in rela- 
tion to intra-nasal administration has been investi- 
gated. The effects of 2-hydroxypropyl 0-cyclodex- 
trin on human nasal ciliary epithelial function have 
been investigated [Messens, 1989 and Hermens et 
al, 47th Int. Congress of Pharm. Sciences of FIP 
Amsterdam 31.08-04.09 (1987)]. These studies 
concluded that this cyclodextrin exerts only a small 
effect on nasal ciliary movement. Chronic nasal 
administration in human volunteers has confirmed 



this excellent tolerance. No sign of irritation was 
observed after chronic application of the cyclodex- 
trin on the eye in human volunteers or patients. 
The cyclodextrin used in the present invention 
5 may be an a, 0 or t cyclodextrin, for example 
depending on which cyclodextrin the enhancer in 
question binds to most efficiently. It is preferably a 
^-cyclodextrin because of the low cost of this com- 
pound and preferably it is a dehydrated cyclodex- 
w trin. ^-dehydrated cyclodextrin is therefore espe- 
cially preferred. 

The term "dehydrated cyclodextrin as used 
in the present invention, means a cyclodextrin, 
particularly j9-cyclodextrin, which has a water con- 
75 tent lower than 5%, preferably lower than 2%, by 
weight. Clearly, the above definition includes also a 
cyclodextrin which has the 0% of water content, 
that is an anhydrous cyclodextrin, for instance an- 
hydrous jS-cyclodextrin. Anhydrous j8-cyclodextrin 
20 is a white crystalline powder, structurally different 
from hydrated jS-cyclodextrin. 

To obtain a dehdyrated cyclodextrin e.g. dehy- 
drated /S-cyclodextrin, the commercially available 
cyclodextrin, that is a hydrated form containing, 
25 e.g. 12% to 14% by weight of water, is typically 
heated in an oven at a temperature which, depend- 
ing on the heating time, may vary from about 
100* C to about 220* C, preferably from about 
100'C to about 140* C. Particularly preferred con- 
30 ditions involve the use of mechanical vacuum and 
a temperature ranging from about 115*C to about 
130* C for 8 hours. 

Alternatively, derivatives of a, p and t 
cyclodextrins may be used where it is desirable to 
35 modify the characteristics of the parent cyclodex- 
trins. In particular more soluble derivatives such as 
hydroxypropyl, di-methyl and tri-methyl substituted 
cyclodextrins, cyclodextrins linked with sugar mol- 
ecules, sulfonated cyclodextrins, carboxylated 
40 cyclodextrins, and amino derivatives of cyclodex- 
trins such as diethylaminoethyl cyclodextrins are 
preferred. A particularly preferred derivative is 2- 
hydroxypropyl-cyclodextrin. An alternative pre- 
ferred derivative is a swellable polymer of a 
45 cyclodextrin. These differ in their swelling prop- 
erties from the parent compounds. It is also pre- 
ferred to use cyclodextrin derivatives which differ 
with respect of their toxicity from the parent com- 
pounds. For example, derivatives which caused 
so reduced haemolysis or kidney damage would be 
preferred. 

The enhancers to be used in combination with 
a cyclodextrin include chelating agents such as 
EDTA, EGTA, citric, acid, salicylates, alginates, N- 
55 acylderivatives of collagen and enamines (N-amino 
acyl derivatives of £-di ketones), fatty acids such as 
C8 and C10 chain length mono- and di-glyceride 
extracts of coconut oil (Capmul 8210 and Caprnul 
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MCM 90), monoolein or unsaturated fatty acids, 
bile acid salts such as 3a, 12a-dihydroxy-5/9- 
cholanoates, Na deoxycholate, Na glycodeox- 
ycholate, Na taurodeoxycholate, 3a, 7a, 12a- 
trihydroxy-50-cholanoates, Na cholate, Na 5 
glycocholate, Na taurocholate, other surfactants 
such as saponin (a glycoside), surfactin (a pep- 
tidelipid), a nonionic detergent such as Laureth-9 
(polyoxyethylene-9-lauryl ether) and zwitterionic 
detergents such as <3-[3-cholamidopropyl- io 
dimethylammonio t -propane sulfonate), fusidic acid 
and its derivatives such as Na tauro 24^25 : 
dihydrofusidate (STDHF) and Na glyco 24,25- 
dihydrofusidate (SGDHF) lysophosphatides such as 
lysophosphatidylcholine and in particular L-a- 15 
lysophosphatidylcholine, cyclic peptide antibiotics 
such as bacitracin and bacitracin A, preservatives 
such as methyl p-hydroxybenzoate, propyl p- 
hydroxybenzoate, chlorobutol, chlorocresol, benzal- 
konium chloride, chlorexidine and organo-mercuric 20 
compounds. Others suitable enhancers which may 
be used in combination with cyclodextrins include 
ascorbic acid, basic amino acids and/or their salts, 
glycyrrhetinic acid and glycyrrhizin, Oacy learn itine 
derivatives like octanoyl carnitine, lauroyl carnitine, 25 
phosphatidyl carnitine and derivatives, palmitoyl 
carnitine, and malonates, e.g. diethyleneox- 
ymethylene malonate. 

Any active drug substance may be used in the 
composition of the present invention. 30 

Examples of drugs are: 

Proteins and peptides such as insulin 
(hexameric/dimeric/monomeric forms), gentamicin, 
glucagon, growth hormone (Somatotroph^), cal- 
citonins and synthetic modifications thereof, en- 35 
kephalins, interferons (especially A!pha-2 interferon 
for treatment of common colds), luteinising 
hormone-releasing hormone (LHRH) and analogues 
(Nafarelin, Buserelin, Leuprorelin, Goserelin), 
GHRH (growth hormone releasing hormone), 40 
secretin, nifedipine, bradykin antagonists, GRF 
(growth releasing factor), THF, TRH (thyrotropin 
releasing hormone), ACTH analogues, IGF (insulin- 
like growth factors) CGRP (calcitonin gene related 
peptide), atrial natriuretic peptide, vasopressin and as 
analogues (DDAVP, lypressin), metoclopramide, 
migraine treatment(dihydroergotamine, er- 
gometrine, ergotamine, pizotizin), nasal vaccines 
(particularly AIDS vaccines), FACTOR VIII; 

Antibiotics and antimicrobial agents such as 50 
tetracycline hydrochloride, leucomycin, penicillin, 
penicillin derivatives and erythromycin, 
chemotherapeutic agents such as sulphathiazole 
and nitrofurazone; local anaesthetics such as ben- 
zocaine; vasoconstrictors such as phenylephrine 55 
hydrochloride, tetrahydrozoline hydrochloride, 
naphazoline nitrate, oxymetazoline hydrochoride 
and tramazoline hydrochloride; cardiotonics such 



as digitalis and digoxin; vasodilators such as ni- 
troglycerin and papaverine hydrochloride; antisep- 
tics such as chlorhexidine hydrochloride, hexyl- 
resorcinol, dequalinium chloride and ethacridine; 
enzymes such as lysozyme chloride, dextranase; 
bone metabolism controlling agents such as 
vitamine D3 and active vitamine D 3 ; sex hormones; 
hypotensives; sedatives; anxiolytics and anti-tumor 
agents; 

Steroidal anti-inflammatory agents such as 
hydrocortisone, prednisone, fluticasone, 
predonisolone, triamcinolone, triamcinolone ac- 
etonide, dexamethasone, betamethasone, be- 
clomethasone, and beclomethasone diproprioate; 
non-steroidal anti-inflammatory agents such as ac- 
etaminophen, aspirin, aminopyrine, phenyl- 
butazone, mefenamic acid, ibuprofen, ibufenac, al- 
clofenac, diclofenac sodium, indomethacin, colchi- 
cine, probenocid, phenactin, sulpyrine, sulfenamid 
acid; enzymatic anti-inflammatory agents such as 
chymotrypsin and bromelain seratiopeptidase; anti- • 
histaminic agents such as diphenhydramine hy- 
drochloride, chloropheniramine maleate and 
clemastine; anti-allergic agents (antitussive-expec- 
torant antasthmatic agents such a sodium 
cromoglycate, codeine phosphate, and isoprotereol 
hydrochloride. 

Other examples of active substances may be 
steroids, for instance medroxyprogesterone acetate 
(MPA), progesterone, testosterone, 6- 
methyleneandrosta-1 , 4~diene-3,17-dione and the 
like; antibiotics such as e.g., griseofulvin, 
cefalosporin, penems and the like; antidepressant 
drugs such as, e.g., benzodiazepins, e.g. 
temazepam, oxazepam, diazepam, nitrazepam and 
the like; immunomodulators such as, e.g., 2-cyano- 
3-(1 ,4-dihydro-1-phenyl-(1 )-benzothiopyran) (4,3-C)- 
pyrazol-3yl-3-oxo-N-phenyipropanamide and the 
like; antiinflammatory agents such as, e.g., in- 
doprofen, ketoprofen, flufenamic acid and the like; 
antineoplastic agents such as, e.g. anthracycline 
glycosides, e.g. tdarubicin (i.e. 4-dimethoxy 
daunorubicin) and 3 , -desamine-3'-(3-cyano-4-mor- 
pholinylj-doxorubicin and the like, etoposide, 
teniposide and other podophyllotoxins. 

The compositions are especially suitable for 
the administration of physiologically active poly- 
peptides. 

All possible isomers, stereoisomers and optical 
isomers of drugs and their mixtures may be used 
in the compositions of the present invention. 
Metabolites and metabolic precursors or bioprecur- 
sors of drugs may also be used. 

The relative proportions and dosages of the 
components in the compositions will vary with the 
nature of the components, the route of administra- 
tion, the frequency of administration and the age, 
weight and condition of the patient. The composi- 
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tions will comprise a sufficient amount of cyclodex- 
trin to alleviate the damage to the mucosa caused 
by absorption enhancer. 

The amount of drug, absorption enhancer and 
cyclodextrin may be decided on a case by case s 
basis. The competition between a drug and an 
enhancer to form a complex with the cyclodextrin 
can be factor to consider. A drug and a cyclodex- 
trin are suitably present in a composition according 
to the invention in a molar ratio of drug : cyclodex- 10 
trin of from 1:0.05 to 1:30, for example from 1:0.5 
to 1:3. Similarly, an enhancer and a cyclodextrin 
may be present in a molar ratio of enhan- 
cer:cyclodextrin of from 1 :0.05 to 1 :30, for example 
from 1:0.5 to 1:3. 75 
f The compositions may be suitable for admin- 
| istration by nasal, oral, rectal, buccal, intestinal, 
tracheal or vaginal routes, and especially nasal 
administration. They may further comprise addi- 
tional ingredients as are conventionally found in 20 
such compositions, for instance suitable carriers, or 
diluents, as well as lubricants, binders, colourants, 
odor improvers, preservatives and surface-active 
agents. 

Compositions of the present invention suitable 25 
for nasal administration may be in form of an 
aqueous solution for administration obtained by 
dissolving the drug, enhancer and cyclodextrin in 
the same aqueous medium. 

Solid state preparations may also be success- 30 
fully used for nasal administration. These may 
range from a simple physical mixture of the drug, 
enhancer and the cyclodextrin to a complex or 
inclusion compound between the enhancer and 
cyclodextrin mixed with the drug. Simple mixtures 35 
may be obtained for example by tumble mixing or 
sieving of the components and in this aspect of the 
invention the use of dehydrated cyclodextrin and in 
particular dehydrated ^-cyclodextrin is preferred as 
a solution is formed on administration by water 40 
absorption from the mucosa. Inclusion complexes 
between the enhancer and cyclodextrin may be 
obtained by precipitation, freeze-drying, solvent 
evaporation, co-grinding, spray-drying, kneading or 
vapour solvent exposure. The preparation of such 45 
complexes is described for example in 
"Cyclodextrins and their industrial uses", Ed. 
Duchene, Editions de Sante, (1987) and Szejtli, 
Cyclodextrins and their inclusion complexes", 
Akademiai Kiado, Budapest, (1982). Inclusion com- 50 
plexes may be mixed with the drug by known 
methods, such as for example tumble mixing or 
sieving. 

Solid compositions suitable for nasal delivery 
may for example be in the form of a powdery 55 
composition comprising at least about 90% by 
weight of a lower alkyl ether of cellulose as de- 
scribed in EP-A-28359. The cellulose ether is pref- 



erably methyl cellulose, hydroxy propyl cellulose or 
hydroxypropylmethyl cellulose and most preferably 
hydroxypropyl cellulose. Another suitable composi- 
tion comprises a water-absorbing and water-insolu- 
ble base such as macrocrystalline cellulose, as de- 
scribed in EP-A-01 22036. 

Alternatively, solid compositions suitable for 
nasal administration may comprise microspheres of 
starch derivatives, gelatin, albumin, collagen, dex- 
tran, dextran derivatives such as anionic derivatives 
for example a carboxylated or sulphated dextran or 
cationic derivatives for example diethylamino ethyl 
or a quaternary amino ethyl dextran, or similar 
materials as described in WO-A-88/09163. The 
microspheres are typically water-swellable and wa- 
ter insoluble. Preferably they are starch or dextran 
derived and are cross-linked such as Spherex 
(Trade Mark), microspheres composed of cross- 
linked starch. Such microspheres form a gel on 
administration which adheres to the mucosa and 
enhances absorption. This occurs through shrink- 
age of the epithelial cells, [Ilium et al, Int.J.Pharrn., 
46, 261-265 (1988), Ilium et ajrint.J.Pharm. 39, 
189-199 (1987), Bjork et al, Int.J.Pharrn., 47, 233- 
238 (1988) and Ilium et al, 15th Int. Symposium on 
controlled delivery of bioactive material, August 15- 
19 (1988), Basel]. The microspheres are loaded 
with a drug, typically by freeze-drying a dispersion 
of the microspheres in a solution of the drug. The 
microspheres may be loaded with or mixed with 
the absorption enhancers and/or cyclodextrin. 

At least 90 wt % of particles of a composition 
for nasal delivery should have a particle diameter 
of from 10 to 250 urn such as from 10 to 100 urn 
and, more preferably, from 10 to 50 urn. Preferably 
all particles are within one of these size ranges. 
Solid state compositions may be administered 
intra-nasally by spraying. Such administration may 
be by use of a nasal insufflator device. 
In vitro and in vivo experiments were carried out to 
test cyclodextrins , ability to protect the nasal mu- 
cosa from the undesirable effects of enhancers. 
The following experiments illustrate but don't limit 
the invention . 

In vitro experiments 

It is well known that all animal cells are con- - 
tained in a membrane whose constituents are 
mainly lipids, phospholipids, glycolipids, and pro- 
teins. This was simulated in a simple way using the 
phospholipid dipalmitoy (phosphatidylcholine 

[DPPC] in such a condition to have a bilayer struc- 
ture of the DPPC (the bilayer structure is encoun- 
tered in cell membrane) [Yoshioka et al, J.Celloid 
Interface Science, 133(2), 442-446 (1989f]. 

It has now been found that the bilayer structure 
is destructured by Laureth-9 and that the addition 
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of cyclodextrins has an effect in making this de- 
structuring effect less prominent or negligible. 

The addition of cyclodextrins is useful in mak- 
ing the parameters controlled in the in-vitro test 
reversible towards the initial values for DPPC s 
alone. This experimental work, executed with an 
enhancer, Laureth-9, that is well known for destruc- 
turing membranes, demonstrates that cyclodextrins 
have a protective effect for the cell membranes 
making the interaction of the enhancer with the 10 
DPPC constituent of the in-vitro bilayer reversible. 

A Differential Scanning Calorimetry (DSC) Met- 
tler TA 3000 equipped with a TC10 processor, a 
DSC 20 cell (placed in a refrigerator) and a Wenger 
Matrix printer was used. 76 

100 mg of DPPC (m.w. 734, Nippon Fine 
Chemical lot. PA631215 or Sigma Lot. 116F-8365) 
were added to 1 ml_ of buffer solution, pH = 7 (100 
mL of the buffer solution at pH = 7 were prepared 
adding 50 mL of KH 2 PO+ 0.1 M and 29 mL of 20 
NaOH 0.1 M to a flask of 100 mL brought to volume 
with distilled water). The mixture was vigorously 
shaken and left for 1 hour at + 50 * C for annealing. 
150uL of the mixture obtained were transferred into 
a 160uL aluminium pan and sealed immediately. 25 
As reference a 160nL sealed aluminium pan con- 
taining 150uL of buffer solution was used. 

DSC runs were performed from +10° C to 
+ 80* C at a scan rate of IK/min. The destructing 
action of the absorption enhancers Laureth-9 (m.w. 30 
582, Sigma Lot. 77-0458) [L9], L-a-Lyso- 
phosphatidylcholine Palmitoyl (m.w.496, Sigma 
Lot.70H-8383) [LPC], Deoxycholic Acid Sodium 
Salt (m.w.415, Sigma Lot.108F-033l)[DCH] was 
tested adding the weighted amount of enhancer to 35 
DPPC before adding 1ml of buffer solution. Blanks 
of all cyclodextrins tested were performed with no 
interference on the signals referred to DPPC; these 
were found in agreement with literature data 
[Yoshioka et al 1989 and Kelker H. and Hatz R., 40 
"Handbook of Liquid Crystals", Verlag Chemie, Ba- 
sel; 1980, page 568, Figure 12.16]. 

The cyclodextrins used in this study were: 2- 
hydroxypropyl-0-cyclodextrin (m.w. about 1300, 
Roquette Lot. 0069 or Janssen Lot. 26322) [2- 45 
HP/jSCD]. 

0-cyclodextrin tetradecasulfate (m.w. 2464, Far- 
mitalia Carlo Erba R&D, Lot. CF/72 [0CDS], 
a-cyclodexthn (m.w. 972, Wacker Chemie) [aCD], 
T-cyclodextrin (m.w. 1297, Wacker Chemie) [y-CD), 50 
Water soluble polymer of cyclodextrin (Chinoin Lot. 
CYL 97/1)[CYLCD]. 

Weighted amounts of the used cyclodextrins were 
added to DPPC or DPPC + L9 mixture before add- 
ing the buffer solution (1mL). 55 

The samples analyzed in DSC were pure sub- 
stances and their binary and ternary mixtures. The 
composition of the various samples were as follows 



Figure 1 Dipalmitoylphosphatidylcholine 

[DPPC] only; 
Figure 2 a)Laureth 9 [L9] 

b) L-a-Lysophosphatidylcholine 
Palmitoyl [LPC] 

c) Deoxycholic Acid Sodium Salt 
[DCH] 

Figure 3 a)a-cyclodextrin [«-CD] 

b) 2-hydroxypropyl-£-cyclodextrin 
[2-HP/j9CD) 

c) y-cyclodextrin [y-CD] 

d) 0-cyclodextrin tetradecasulfate 
[0-CDS] 

e) water-soluble polymer of 
cyclodextrin [CYLCD] 

Figure 4 a)DPPC 

b) 10/1 mol/mol DPPC/L9 

c) 10/1/1 mol/mol/mol 
DPPC/L9/2HP-0CD 

Figure 5 a)DPPC 

b) 5/1 mol/mol DPPC/L9 

c) 5/1/1 mol/mol/mol 
DPPC/L9/2HP-/JCD 

Figure 6 a) DP PC 

b) 2/1 mol/mol DPPC/L9 

c) 2/1/1 mol/mol/mol 
DPPC/L9/2HP-0CD 

Figure 7 a)DPPC 

b) !/1 mol/mol DPPC/L9 

c) 1/1/4 mol/mol/mol 
DPPC/L9/2HP-0CD 

Figure 8 a)DPPC 

b) 10/1 mol/rnol DPPC/L9 

c) 10/1/1 mol/mol/mol 
DPPC/L9/0CDS 

Figure 9 a)DPPC 

b) 5/1 mol/mol DPPC/L9 

c) 5/1/1 mol/mol/mol 
DPPC/L9/0CDS 

Figure 10 a)DPPC 

b) 2/1 mol/mol DPPC/L9 

c) 2/1/1 mol/mol/mol 
DPPC/L9//5CDS 

Figure 1 1 a)DPPC 

b) 10/1 mol/rnol DPPC/L9 

c) 10/1/1 mol/mol/mol 
DPPC/L9/aCD 

Figure 12 a)DPPC 

b) 5/1 mol/mol DPPC/L9 

c) 5/1/1 mol/rnol/mol DPPC/L9/«CD 
Figure 13 a)DPPC 

b)2/1 mol/mol DPPC/L9 
c/2/1/1 mol/rnol/mol DPPC/L9/<*CD 
Figure 14 a)DPPC 

b)10/1 mol/rnol DPPC/L9 
C)10/1/1 mol/mol/mol 
DPPC/L9/yCD 
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Figure 15 a)DPPC 

b)5/1 mol/mol DPPC/L9 

C)5/1/1 mol/mol/mol DPPC/L9/yCD 
Figure 16 aJDPPC Figure 4 

b)2/1 mol/mol DPPC/L9 5 

CJ2/1/1 mol/mol/mol DPPC/L9/yCD 
Figure 17 aJDPPC 

b)10/1 mol/mol DPPC/L9 

C)1 0/1/1 mol/mol/mol 

DPPC/L9/CYLCD 70 
Figure 18 a)DPPC Figure 5 

b)5/1 mol/mol DPPC/L9 

C)5/1/1 mol/mol/mol 

DPPC/L9/CYLCD 
Figure 19 a)DPPC 75 

b) 2/1 mol/mol DPPC/L9 

c) 2/1/1 mol/mol/mol 
DPPC/L9/CYLCD 

Figure 20 aJDPPC Figure 6 

b) 10/1 mol/mol DPPC/LPC 20 

c) 1 0/1/1 mol/mol/mol 
DPPC/LPC/yCD 

Figure 21 aJDPPC 

b) 5/1 mol/mol DPPC/LPC 

c) 5/1/1 mol/mol/mol 25 
DPPC/LPC/yCD 

Figure 22 a)DPPC Figure 7 

b) 5/1 mol/mol DPPC/LPC 

c) 5/1/1 mol/mol/mol 
DPPC/LPC/aCD 30 

Figure 23 aJDPPC 

b) 2/1 mol/mol DPPC/DCH 

c) 2/1/1 mol/mol/mol 
DPPC/DCH/2HP-0CD Figure 8 

The typical appearance of the DSC curve of 35 
sample 1 is shown in Fig. 1. It is evident that two 
thermal events are observed, an endothermal one 
at a lower temperature (about 37.5° C) and another 
endothermal peak at a higher temperature (about 
43.5 ° C). The latter event can be attributed to the 40 
gel-liquid crystal transition. The results (DSC 
curves) are shown and commented in Fig.t through Figure 9 

Fig.23. 

Figure 1 This is typical DSC curve of 

DPPC. In which two thermal 45 
events are observed. An endother- 
mal pretransition peak at a lower 
temperature about 37.5 'c and 
another one transition peak at FigurelO 
higher temperature about 43.6* C. so 
The latter transition peak can be 
attributed to the gel-liquid crystal 
transition. 

Figure 2 The enhancers don't give any in- 
terference with the DPPC curve. 55 

Figure 3 The cyclodextrins don't give any Figurel 1 

interference with DPPC curve. No 
interference was observed also for 



binary samples composed of 
DPPC adding various kinds of 
cyclodextrins. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 

c) Addition of 2-hydroxypropyl-0- 
cyclodextrin gives a DSC curve of 
identical pattern as DPPC as is. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 

c) Addition of 2-hydroxypropyl-£- 
cyclodextrin turns the DSC curve 
more like the pattern of DPPC as 
is. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering and a broadening 
of transition peak temperature. 

c) Addition of 2-h ydroxy propyl- &- 
cyclodextrin turns the DSC curve 
more like the pattern of DPPC as 
is. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering and a broadening 
of transition peak temperature. 

c) Addition of 2-hydroxypropyl-£- 
cyclodextrin gives a DSC curve of 
identical pattern as DPPC as is. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 

c) Addition of £-cyclodextrin- 
tetradecasulfate does not give a 
DSC curve much more similar to 
DPPC atone. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 

c) Addition of jS-cyclodextrin- 
tetradecasulfate gives origin to 
modified and complex domains. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering and a broadening 
of transition peak temperature. 

c) Addition of 0-cyclodextrin- 
tetradecasulfate gives origin to 
modified and complex domains. 

a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
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temperature. 

c) Addition of o-cyclodextrin does 
not give a DSC curve much more 
similar to DPPC alone. 
Figure12 a) DSC curve of DPPC. 5 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 

c) Addition of a-cyclodextrin turns 

the DSC curve more like the pat- 10 
tern of DPPC as is. 
Figurel3 a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering and a broadening 

of transition peak temperature. 15 

c) Addition of a-cyclodextrin gives 
origin to modified and complex 
domains. 

Figure14 a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 20 
gives a lowering of transition peak 
temperature. 

c) Addition of y-cyclodextrin turns 
the DSC curve more like the pat- 
tern of DPPC as is. 25 

Figure15 a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 

c) Addition of y-cyclodextrin turns 30 
the DSC curve more like the pat- 
tern of DPPC as is. 

Figure16 a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering and a broadening 35 
of transition peak temperature. 

c) Addition of y-cyclodextrin turns 
the DSC curve more like the pat- 
tern of DPPC as is. 

Figure17 a) DSC curve of DPPC. 40 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 

c) Addition of CYLCD turns the 
DSC curve more like the pattern 45 
of DPPC as is. 

Figure18 a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 
gives a lowering of transition peak 
temperature. 50 

c) Addition of CYLCD turns the 
DSC curve more like the pattern 
of DPPC as is. 

Figure 19 a) DSC curve of DPPC. 

b) Addition of Laureth 9 to DPPC 55 
gives a lowering and a broadening 

of transition peak temperature. 

c) Addition of CYLCD turns the 



DSC curve more like the pattern 
of DPPC as is. 
Figure20 a) DSC curve of DPPC. 

b) Addition of LPC to DPPC gives 
a lowering of transition peak tem- 
perature. 

c) Addition of y-cyclodextrin gives 
a DSC curve of identical pattern 
as DPPC as is. 

Figure21 a) DSC curve of DPPC. 

b) Addition of LPC to DPPC gives 
a lowering of transition peak tem- 
perature. 

c) Addition of y-cyclodextrin turns 
the DSC curve more like the pat- 
tern of DPPC as is. 

Figure22 a) DSC curve of DPPC. 

b) Addition of LPC to DPPC gives 
a lowering and broadening of tran- 
sition peak temperature. 

c) Addition of a-cyclodextrin turns 
the DSC curve more like the pat- 
tern of DPPC as is. 

Figure23 a) DSC curve of DPPC. 

b) Addition of DCH to DPPC gives 
a lowering and a broadening of 
transition peak temperature. 

c) Addition of 2-hydroxypropyl-j8- 
cyclodextrin turns the DSC curve 
more like the pattern of DPPC as 
is. 

In vivo experiments 

The rat model has been shown to be useful in 
identifying the histological effects of nasal formula- 
tions. A small dose volume administered to one 
side of the rat nasal cavity only, does not leak into 
the undosed side. Treated tissue can then be di- 
rectly compared to untreated tissue in the same 
animal when complete cross-sections are made. 
Groups of four male Wistar rats (Sutton Bonning- 
ton, 250g approximately) were used in all experi- 
ments. Animals were anaesthetised intraperitoneal - 
ly with "Sagatal" (sodium pentobarbitone 60 
mg/ml; 72 mg/kg) and a tracheotomy performed. 
25ul of the nasal formulation was administered to 
the right nostril of each animal. 
The following nasal formulations were administered 

(i) Phosphate Buffer (pH 7.3) . 

(ii) Laureth-9 Solution 0.9% w/v in phosphate 
buffer (9 mg/ml; 0.9 mg/kg in 25 ul). 

(iii) 2-Hydroxypropyl-£-Cyclodextrin(2HP-£CD) 
81.22 mg/ml in phosphate buffer. The concen- 
tration of HP0C selected was chosen according 
to the molar ratio of 1:4 (Laureth-9 : 2HP-0CD 
determined as being the least damaging to red 
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blood cells. 

(iv) Laureth-9 0.9% w/v (9 mg/ml) co-admin- 
istered with 2HP-0CD 81.22 mg/ml in phosphate 
buffer (mol. ratio 1 :4). 
Perfusions was successful in all cases judging by 
the distribution of yellow fixative. 
60 Minutes after administration of the intranasal 
dose tissue was fixed by cardiac perfusion of a 
prewash solution (for 2 minutes) followed by Bouin 
Hollandes aqueous fixative (for 15 minutes). Ani- 
mals were then decapitated, soft tissue removed 
and skulls placed in fixative baths overnight. 
Specimens were decalcified in 20% EDTA solution 
for a minimum of 3 weeks after which time region ii 
of the cavity.between the incisor teeth and incisive 
papilla, was isolated for further processing. Decal- 
cification was followed by dehydration and wax 
embedding. Each specimen was orientated so that 
complete transverse cross-sections of the nasal 
cavity were produced with the anterior face pre- 
sented for cutting first. Sections were cut serially at 
7y.m thickness, mounted and stained with 
haematoxylin and eosin. Acidic mucopolysac- 
charides were demonstrated with alcian blue stain 
(in 3% acetic acid). 

Cross-sections were examined with the light micro- 
scope. The photomicrographs so obtained are 
shown in Fig.24 through 27. In each section, tissue 
on the dosed side of the nasal cavity was com- 
pared with that on the undosed control side. In the 
region investigated, the nasal cavity is lined by a 
ciliated pseudostratified columnar epithelium on the 
septum, which is rich in goblet cells (ie respiratory 
epithelium) while turbinate epithelium is generally 
thinner, sparsely ciliated and contains few goblet 
cells. 

In all photomicrographs the dosed right side ap- 
pears on the left and the following key applies : 
S = Nasal Septum 
Nt = Nasoturbinate 
C = Cartilage 
G = Goblet Cell 
m = mucus 
v = vascular sinus 

L / R = Left / Right side of the nasal cavity 
(actual) 

= Epithelium-lamina propria junction. 

Figure 24a : Photomicrograph of a section 
through the nasal cavity of a rat dosed with phos- 
phate buffer (pH 7.3) showing ciliated 
pseudostratified columnar epithelium covering both 
sides of the nasal septum. 

Figure 24b : Photomicroghraph of a section 
thruough the nasal cavity of a rat dosed with phos- 
phate buffer (pH 7.3) stained with alcian blue to 
show acidic mucopolysaccharides. 

Figure 25a : Photomicrograph of a section 
through the nasal cavity of a rat doses with 



Laureth-9 0.9% w/v in phosphate buffer (pH 7.3) 
showing severe disruption of the epithelium on the 
dosed side. 

Figure 25b : Photomicrograph of a section 
5 through the nasal cavity of a rat dosed with 
Laureth-9 0.9% w/v in phosphate buffer (pH 7.3) 
stained with alcian blue showing epithelium disrup- 
tion with loss of mucus from goblet cells on the 
dosed side. 

w Figure 26a : Photomicrograph of a section 
through the nasal cavity of a rat dosed with 2HP- 
0CD 81 .22 mg/kg in phosphate buffer (pH 7.3) 

Figure 26b : Photomicrograph of a section 
through the nasal cavity of a rat doses with 2HP- 

75 0CD 81.22 mg/kg in phosphate buffer (pH 7.3) 
stained with alcian blue showing signs of epithelial 
interaction on the dosed side. 

Figure 27a : Photomicrograph of a section 
through the nasal cavity of a rat dosed with the 

20 combined Laureth-9 (0.9% w/v) and 2HP-0CD 
(81.22 mg/kg) formulation ( in phosphate buffer pH 
7.3). Epithelium on the dosed side appears more 
disordered and cell nuclei are more densely 
stained and more closely packed towards the basal 

25 membrane than on the undosed side. 

Figure 27b : Photomicrograph of a section 
through the nasal cavity of a rat dosed with the 
combined Laureth-9 (0.9% w/v) and 2HP-0CD 
(81.22 mg/kg) formulation (in phosphate buffer pH 

30 7.3) stained with alcian blue. Mucus discharged 
from goblet cells is present in the lumen of the 
dosed side of the cavity and dosed epithelium is 
more disordered than that on the undosed side. 
The comments to these figures are given 

35 herebelow : 

Figure 24 

Phosphate buffer resulted in few effects on 

40 contact with the nasal epithelium. 

There was slightly more mucus present on the 
luminal surface of the epithelium on the dosed side 
of the nasal cavity but there was no discernible 
difference in epithelium thickness on the two side 

45 of the septum. The ciliated pseudostratified colum- 
nar epithelium appeared the same on both the 
treated and untreated sides with no obvious signs 
of interaction with the nasal dose. 



The effects of 0.9% w/v Laureth-9 were severe 
and widespread in the dosed side of the rat nasal 
cavity. Treated epithelium was disrupted with sig- 
55 nificant cell loss and mucus discharge into the 
lumen of the cavity. This resulted in reduction of 
the membrane to a thin layer of cells in some 
places. Effects were observed on the septum, tur- 
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binates and lateral wall on the closed side; epithe- 
lium on the undosed side was unaffected. 

Figure 26 

5 

Rat nasal tissue exposed to 2HP-/SCD showed 
some signs of interaction between the epithelium 
and the nasal dose but to a far lesser extent than 
0.9% Laureth-9 after one hour exposure. Respira- 
tory tract infection in this group was a particular 10 
problem with infected tissue identified in all of the 
animals, though to varying degrees. 
There was a slight reduction in the thickness of the 
septal epithelium on the dosed side compared to 
that covering the undosed septum, but no cell loss 75 
was observed and cilia were still present on the 
luminal cell surfaces. Generally there was slightly 
more mucus discharged into the dosed side of the 
cavity, except where infection occurred in the un- 
dosed side where mucus production was also in- 20 
creased. 

On close inspection, the epithelium on the dosed 
side appeared to be more "disordered" than the 
control tissue with the line of cilial basal bodies at 
the luminal surface interrupted at intervals. The 25 
nuclei of the epithelial cells on the dosed side 
tended to be smaller and more irregularly shaped 
than the large rounded nuclei in the untreated 
epithelium, particularly over the central septum 
areas. Also dosed nuclei were stained more dense- 30 
ly obscuring intranuclear detail and tended to be 
more closely packed at the basal membrane. 
These observations suggest some interaction be- 
tween dose and tissue, possibly in the early 
stages. 35 

Figure 27 

The effects of the combined enhancer system 
were similar to those produced by cyclodextrin 40 
alone over 60 minutes, but the disorder of the 
epithelium and effect on the nuclei was more pro- 
nounced, particularly in turbinate epithelium. Again, 
a complete and relatively thick epithelium was 
maintained with no surface cell loss, but mucus 45 
discharge into the dosed side of the cavity was 
further increased and epithelium thickness reduced 
compared with the control tissue. 

These observations suggest that the co-admin- 
istration of 2HP-0CD with Laureth-9 solution in the 50 
ratio 4:1 results in a significant decrease in the 
degree of damage to the nasal epithelium over 60 
minutes. Some interaction between the 2HP-£CD 
and nasal epithelium was indicated by increases in 
mucus discharge, changes in nuclei appearance 55 
and an increase in epithelium "disorder". This lat- 
ter effect is possibly the result of mucus discharge 
emptying goblet cells so that their structure be- 



comes more fluid and susceptible to disarran- 
gemet. Such interactions were more marked in the 
combined formulation bur large scale cell loss such 
as occurred with Laureth-9 alone in solution, was 
not observed in any other group of animals. 

Claims 

1. A pharmaceutical composition suitable for ad- 
ministering a drug to a mucosal surface of a 
patient, which composition comprises a drug, 
an absorption enhancer and a cyclodextrin. 

2. A composition according to claim 1 in which 
the absorption enhancer is a nasal absorption 
enhancer. 

3. A composition according to claim 1 or 2 in 
which the absorption enhancer is present as an 
inclusion complex of the cyclodextrin. 

4. A composition according to any one of the 
preceding claims in which the cyclodextrin is a 
soluble cyclodextrin derivative or a swellable 
polymer of cyclodextrin. 

5. A composition according to any one of the 
preceding claims in which the cyclodextrin is 
0-cyclodextrin or a 0-cyclodextrin derivative. 

6. A composition according to claim 5 in which 
the cyclodextrin is dehydrated ^-cyclodextrin 
or 2-hydroxypropyl 0-cyclodextrin. 

7. A composition according to any one of the 
preceding claims which further comprises wa- 
ter swellable microspheres of crosslinked 
starch or dextran. 

8. A composition according to any one of the 
preceding claims, wherein the drug is a phys- 
iologically active polypeptide. 

9. A composition according to any one of the 
preceding claims for use in nasal administra- 
tion of a drug. 

10. A composition comprising an enhancer of ab- 
sorption at a mucosal surface and a cyclodex- 
trin. 

11. Use of a cyclodextrin in the manufacture of a 
medicament for use in administering a drug 
and an absorption enhancer to a mucosal sur- 
face. 

12. Use according to claim 11 in the manufacture 
of a medicament for use in nasal administra- 
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tion of the drug. 

13. A process (or preparing a composition as 
claimed in any one of claims 1 to 8 which 
comprises mixing the drug, the absorption en- s 
hancer and the cyclodextrin. 

14. A process according to claim 13 which com- 
prises preparing an inclusion complex of the 
absorption enhancer and the cyclodextrin, and 10 
mixing the inclusion complex with the drug. 

15. A composition according to claim 10 which is 
substantially as described in any one of Sam- 
ples Nos. 1 to 15. 75 
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